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T HE EPITHELIAL CELLS of the small intestine are capable of actively transporting a number of sugars from the intestinal lumen to the capillary against a concentration gradient (1-8). These sugars have in common the following structural similarities: six or more carbon atoms with a D-pyranose form and a free hydroxyl group at carbon 2. The purpose of the present research was to determine whether these transported sugars shared a common transport pathway or whether a number of completely separate mechanisms were involved. If all of these sugars were absorbed by a single mechanism the specificity data cited above might allow certain deductions relative to the biochemical mechanism of sugar absorption.
The competition between one sugar and another for active transport by hamster intestine was measured by an in z&o method which utilizes a single segment of intestine to study the rate of absorption of the test sugar alone and in the presence of the second sugar. A preliminary report of this work has appeared elsewhere (9).
METHODS AND MATERIALS
Female hamsters weighing between I 40 and I 70 gm were maintained on Purina rat chow and were not fasted prior to the experiment.
Unless otherwise indicated, all animals were given 5 % galactose solution in place of drinking water for periods of from I to 4 weeks prior to the experiment. Westenbrink (IO) has shown that this treatment in rats results in a 50-100 % increase in the intestinal absorption rate of both glucose and galactose. The intestine was washed out in situ with 0.9 % NaCl, removed from its mesentery and everted with a rod, as previously described (I I ). A segment of upper ileum approximately 8 cm in length (about 300 mg wet weight) was used in most experiments.
This segment location was selected since in this region a minimum of fluid movement occurs under these in vitro conditions ( I 2). The apparatus was a modification of that described by Crane and Wilson (I 3). As in the original preparation, one end of the everted intestinal segment was tied to the cannula ( fig. I ). The modification consisted in the tying of the lower end of the intestine to a polyethylene tube attached to a long spinal needle. This permitted the complete removal of fluid from the sac at the completion of an incubation period.
When not in use, the needle was filled with its long stylette to prevent loss of fluid. The stopper, with the cannula and attached intestine, was introduced into the test tube which contained 25 ml of calcium-free Krebs-Henseleit bicarbonate-saline (14) containing the selected sugar(s) to be tested. The fluid levels were adjusted so that the hydrostatic pressure to which the serosal surface was subjected was never greater than 1-2 cm of water. A gas mixture (95% O2 and 5 % CO,) was passed through the solution via needle E and escaped from the tube by way of the second hole in the stopper (not shown in the figure). An incubation A: 5-in temperature of 3o°C was chosen to reduce both the metabolic and transport rates so that convenient incubation times could be achieved. Under these conditions a linear rate of transport was usually maintained for 60430 minutes.
Serosal samples were obtained by occluding the gas outlet hole in the stopper. As a consequence of the increased pressure within the tube, the fluid rose in the cannula to a level at which it was accessible to the micropipette used for sampling.
To change the mucosal solution the stopper and intestine were simply removed from one tube and placed in another containing the desired solution. The serosal solution was changed at the same time by removing the stylette from the lumbar puncture needle A ( fig. I ) and withdrawing the fluid with a ~-ml tuberculin syringe. The procedure used in most experiments was as follows: the tissue, attached to the apparatus, was immersed in a solution containing a test sugar (i.e. the sugar whose transport rate was to be measured) and a second sugar whose possible inhibitory effect was to be determined. A measured volume (usually I .5 ml) of solution containing the test sugar only was introduced into the serosal compartment.
The tissue was preincubated with these solutions for 15 Inhibition studies. The second phase of the work was the study of the effect of a variety of sugars on the transport rate of a test sugar with a known K1. Radioactive galactose was selected as test sugar for the first series of experiments as it was transported at an adequate rate and its affinity was relatively low (the affinity being inversely proportional to the K1). These conditions would be favorable for the demonstration of an inhibitory effect by another sugar.
As some difficulties were encountered during the selection of favorable conditions for these inhibitor studies, the results of certain preliminary experiments will be mentioned.
In all experiments a preliminary incubation of the tissue in sugar solution was carried out for IO figure 3 . Galactose transport was unaffected by the presence of mannose, a sugar which is not actively transported by hamster intestine (fig. 3A) . In contrast, 3-0-methylglucose, a compound transported by the gut, inhibits galactose absorption by 59% under the same condition ( fig. 3B ). L-Methionine, the most potent inhibitor of amino acid absorption (27a), is without significant effect on galactose absorption (table 2) . a-Methylglucoside is a potent inhibitor of galactose transport, producing virtually complete inhibition at a concentration of 25 mM and 51 % inhibition at 5 mM. The observed inhibi tions with the other four sugars known to be actively transported by the gut were always lower, but of the same order of magnitude, as that calculated from the Kt values. The greatest deviation was in the case of ~deoxyglucose, whose K1 value is not entirely comparable having been obtained at 37O rather than 3oOC. The second test sugar studied was 6-deoxyglucose. Figure 4 gives examples of the two sugar combinations tested. In three experiments glucose (I 2 mM) inhibited 6-deoxygl ucose transport I-Deoxyglucose (25 mM) was found to inhibit glucose (5 mu) absorption an average of 23 % in three experiments (theoretical inhibition was 89%). A series of experiments were performed with glucose as the test sugar and a-methylglucoside as the inhibitor (table 3) . First, it was found that significant inhibitions were obtained at both 37O and 3o'C, indicating that the results obtained at the lower temperature in most of these experiments reported here are present at the more physiological temperature.
Second nor did glycine or L-methionine, suggesting that the sugar 'pump is specific for transported sugars. This data strongly supports the view that all of these sugars have at least one step of their transport in common.
Since a single pathway is apparently involved in sugar transport by the hamster intestine the specificity data (4) (5) (6) (7) (8) , summarized in figure 5 , may be used to make certain inferences with regard to possible mechanisms of transport. Phosphorylation or other reactions requiring hydroxyl groups cannot occur at carbons I, 3, 4, 5 or 6 of the glucose molecule. This would seem to exclude the possibility of mutarotation as suggested by Keston (33). The. hydroxyl group at carbon 2, however, is essential for transport (as first pointed out by Crane and Krane (5) 
